This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the appHcant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents m// not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



THIS PAGE BLANK (uspto) 



0 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 448 014 A2 



® 



EUROPEAN PATENT APPLICATION 



@ Application number: 91104150.7 
@ Date of filing: 18.03.91 



© int.Ci.5:G11B 15/43, G11B 15/46 



® Priority: 19.03.90 JP 68850/90 
14.11.90 JP 309822/90 

@ Date of publication of application: 
25.09.91 Bulletin 91/39 

© Designated Contracting States: 
DE GB 

® Applicant: MATSUSHITA ELECTRIC 
INDUSTRIAL CO., LTD. 
1006, Oaza Kadoma 
Kadoma-shi, Osaka-fu, 571 (JP) 



@ Inventor: Yoneda, Yasuhiro 
5-5, Senrioka 
Settsu-shI, Osaka-fu(JP) 
Inventor: Hiraishi, Haruo 
242, Oaza Uchiage 
Neyagawa-shi, Osaka-fu(JP) 

@ Representative: Eisenfuhr, Speiser & Strasse 
Martlnistrasse 24 
W*2800 Bremen 1(DE) 



® Tape driving apparatus for tape medium record reproducing apparatus. 



CM 
< 



00 



a. 

LU 



@ The present invention is provided both the S, T 
reel diameter detectors so as to compute the inertia 
of both the reels, wherein the acceleration, decelera- 
tion torque information spent in the acceleration, 
deceleration of the T reel is detected from the T reel 
torque information so as to compute the T reel 
acceleration, deceleration compensating torque from 



the acceleration, deceleration torque information, 
both the reel diameters, the inertia information, and 
the S reel torque is controlled with the information 
with the computed results and the back torque in- 
formation proportional to the S reel diameter being 
added in it. Thus improving the access property of 
the tape. 
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BACKGROUND OF THE INVENTION 

The present invention generally relates to a 
tape driving apparatus for controlling the trans- 
portation of a tape medium by a supply reel and a 
winding reel. 

In recent years, a highly efficient tension con- 
trol art which prevents the tape damages is de- 
manded, because the thinner tendency of the tape 
is remarkable in the tape driving apparatus. Also, 
the tape driving mechanism is also simplified with 
the demands for smaller size, lighter weight, thin- 
ner size of the apparatus being provided- There- 
fore, the tape driving apparatus is provided which 
is simplified in mechanism without provision of the 
tension detecting sensor of the tape. 

The conventional tape driving apparatus 
(hereinafter a VTR will be described as a repre- 
sentative by way of example) is shown in. for 
example, Japanese Patent Application Publication 
Tokkaisho NO. 60 - 163258. 

The conventional tape tension controlling meth- 
od will be described hereinafter. The conventional 
tape tension controlling method is to constantly 
control the tape tension by the application, upon 
the supply reel diameter, of the back torque pro- 
portional to the supply reel diameter. The principle 
thereof will be described. The formula is as follows. 



STSN X Rs = Qs (1) 
wherein 

STSN: tape tension in supply reel 

R2: supply reel radius 

02: supply reel motor torque 

Therefore, it is found out that the torque pro- 
portional to the supply reel diameter has only to be 
applied upon the supply reel motor in order to 
retain the tape tension STSN constant when the 
tape is transported at a constant speed. 

But the above described construction has the 
following problems/ Namely, the VTR has not only 
the modes of the recording, and the nomial re- 
production, but also the operation modes called a 
jog. shuttle. The tape speeds except for the tape 
speed at the nonmai reproduction time exist, with 
the tape acceleration and deceleration being re- 
peated. At this time, in the method of applying the 
torque proportional to the above described supply 
reel diameter, the tape tension may be retained 
constant under the conditions where the tape is 
transported at the constant speed, with the fluc- 
tuations of the dynamic tension to be caused by 
the acceleration, the deceleration of the tape being 
impossible to be suppressed. In the conventional 
tape driving apparatus, the acceleration, decelera- 
tion responses are delayed in the acceleration, 
deceleration of the tape so as to reduce the fluc- 



tuations of the tension. Therefore, the transportation 
of the tape to the object point of the tape is 
delayed so as to sacrifice the access property of 
the tape. 

5 The tape driving apparatus to be used for the 

extemal memory apparatus of the computer will be 
described hereinafter in the conventional embodi- 
ment. In the tape driving apparatus described in 
Japanese Patent Publication Tokkosho No. 59- 
10 20178. the current for driving the reel motor is 
divided into three components such as acceleration 
current, tension current, drag current in the accel- 
eration, the deceleration of the tape. The reel ra- 
dius and the inertia are detected, and further the 
15 tape acceleration speed is obtained from the target 
speed to be controlled, the present tape speed and 
the tape acceleration from the enacted time, with a 
method of computing, setting the driving current of 
the reel so that the tape tension may become 
20 constant. 

But in the above described construction, the 
tape running loads changes with the changes in 
environment where the tape driving apparatus is 
provided, with the aging, the drag current compo- 

25 nent does not become constant, with a problem 
that the tape tension has been changed. In order to 
con-ect the problem, the tension detection sensor is 
provided to correct it. Accordingly, it interferes with 
the smaller size and the lighter weight of the ap- 

30 paratus. 

* 

SUMMARY OF THE INVENTION 

Accordingly, the present invention has been 
35 developed with a view to substantially eliminating 
the above discussed drawbacks inherent in the 
prior art, and has for its essential object to provide 
an improved tape driving apparatus for a tape 
medium record reproducing apparatus. 

40 Another important object of the present inven- 
tion is to provide an improved tape driving appara- 
tus for a tape medium record reproducing appara- 
tus, which is adapted to effect the tension control in 
the construction except for the tension detecting 

45 sensor so as to contribute towards the smaller size 
and lighter weight of the tape driving apparatus. 

Still another object of the present invention is 
to provide an improved tape driving apparatus for a 
tape medium record reproducing apparatus, which 

50 is adapted to quicken the acceleration, deceleration 
of the tape so as to improve the access property. 
Also, the tape speed detector such as timer roller 
or the like is removed in the tape speed controlling 
operation so as to contribute towards the smaller 

55 size and the lighter weight of the tape driving 
apparatus. 

In accomplishing these and other objects, ac- 
cording to one prefen-ed embodiment of the 
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present invention, there is provided a tape driving 
apparatus which comprises a supply reel diameter 
detecting means for detecting the radius informa- 
tion Rs of the supply reel, a winding reel diameter 
detecting means for detecting the radius informa- 
tion Rt of the winding reel, a supply reel inertia 
computing means for computing the information Js 
corresponding to the inertia of the supply reel 
under the radius information Rs of the supply reel, 
a winding reel inertia computing means for comput- 
ing the information Jj corresponding to the inertia 
of the winding reel under the radius information Rt 
of the winding reel, a winding reel acceleration 
torque detecting means for detecting the informa- 
tion ACCT corresponding to the torque amount 
spent in the acceleration, deceleration of the wind- 
ing reel, a winding reel acceleration compensating 
torque computing means for computing the accel- 
eration compensating torque information CMPT 
corresponding to the acceleration, deceleration of 
the winding reel by the use of the radius informa- 
tion Rs, Rt of both the reels, the inertia information 
Js. Jt of both the reels, the winding reel accelera- 
tion torque information ACCT. a back torque com- 
puting means for computing the back torque in- 
formation Qb proportional to the radius Information 
Rs of the feed reel, an adding means for adding 
the back torque information Qb and the accelera- 
tion compensating torque information CMPT. 

In tiie above described construction of the 
present invention, the static tension fluctuations 
which are caused by the changes in the reel diam- 
eter are corrected by the back torque information 
Qb to be computed from the radius information Rs 



formation Rt; 

Fig. 4 is a characteristic chart showing one 
example of an acceleration compensating coeffi- 
cient (Rt*Js/Rs*Jt) with respect to the S reel 

5 radius information Rs; 

Fig. 5 is a characteristic chart showing the char- 
acteristics of the total information of tiie rotation 
frequency of both the reels in the transportation 
of the constant tape speed, and of the tape 

10 winding diameter; 

Hg. 6 is a characteristic chart showing the rela- 
tionship between the T reel driving information 
Qt to be fed to the T reel motor driving circuit 6 
in Rg. 1 and the caused torque of the T reel 

75 motor 7; 

Fig. 7 is a wave form chart showing the relation- 
ship of the various information signals of a tape 
speed control system in Rg. 1 when the target 
tape speed has been accelerated, decelerated; 

20 Fig. 8 is a wave form chart for illustrating the 
operation of a second U/D counter 22 in Fig. 1 ; 
Fig. 9 (a) to (e) are flow charts when the block 
26 in Fig. 1 is composed of microcomputers. 
Rg. 10 is a block diagram showing the construc- 

25 tion of the tape driving apparatus in a second 
embodiment of the present invention; and 
Fig. 11 is a flow chart in a case where the block 
in Rg. 1 is composed of microcomputers. 

30 DETAILED DESCRIPTION OF THE INVENTION 

Before the description of the present invention 
proceeds, it is to be noted that like parts are 
designated by like reference numerals throughout 
the accompanying drawings. 

In the present invention, the torque of the S 
reel motor is controlled witii the error information 
witii the back torque information proportional to the 
S reel diameter and the acceleration compensating 
torque infomnation for suppressing the tension fluc- 
tuations to be caused by the acceleration, decel- 
eration of the tape transportation being added in it. 

Referring now to the drawings, there is shown 
in Fig. 1, the block diagram of a tape driving 
apparatus in a first embodiment of the present 
invention, according to a first emtx)diment of the 
present invention, which includes a supply reel 1 
(hereinafter referred to as S reel), a winding reel 
(hereinafter referred to as T reel), with the tape 3 
being wound around a drum 4 (which is rotating in 
the arrow mark direction shown) mounted on the 
rotary magnetic head (not shown) and being trans- 
ported in the direction of the arrow mark. A T reel 
motor driving circuit 6 causes in a T reel motor 
(hereinafter referred to as TM) 7 the torque propor- 
tional to the T reel motor torque information Qt to 
be fed. A S reel diameter detector 8 outputs the 
information Rs proportional to the radius of the S 



of the supply reel. Also, the dynamic tension flue- as 
tuations which are caused by the acceleration, de- 
celeration in the reel diameter are suppressed by 
the acceleration compensating torque information 
CMPT, so that the tension control may be realized 
without the use of the tension detecting sensor. 40 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the 
present invention will become apparent from the 45 
following description taken in conjunction with the 
preferred embodiments thereof with reference to 
the accompanying drawings, in which; 

Rg. 1 is a block diagram showing the construc- 
tion of a tape driving apparatus in a first em- 50 
bodiment of the present invention; 
Fig. 2 is a characteristic chart showing one 
example of the characteristics of the S reel 
inertia Js with respect to the S reel radius in- 
formation Rs; 55 
Rg. 3 is a characteristic chart showing one 
example of the characteristics of the T reel 
inertia Jt with respect to the T reel radius in- 
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reel 1 . A back torque computer 9 for outputting the 
back torque information QB to an adder 18 through 
the computing operation shown in the (1) formula. 
A S reel motor driving circuit 10 is adapted to 
operate so as to cause in the S reel motor 5 
(hereinafter referred to as SM) the torque propor- 
tional to the S reel torque information Qs to be fed 
from the adder 18. A T reel radius detector 12 for 
detecting the information Rj corresponding to the 
reel radius of the T reel 2, a S reel inertia computer 70 
for computing the S reel inertia Js in accordance 
with the radius information Rs of the S reel, a T 
reel inertia computer 14 for computing the the T 
reel inertia Jj under the radius information Rj of 
the T reel, a T reel acceleration, deceleration 75 
torque detector 15 (which is a block surrounded 
with one dot chain lines) for detecting the torque 
spent in the acceleration, deceleration of the T reel 
1 from a method of the speed controlling of the T 
reel to be described later, a tape speed detector 16 20 
for detecting the tape speed and generating pulses 
with the frequency proportional to the detection 
result, a T reel acceleration compensating torque 
computer 17 for effecting the acceleration com- 
pensating computing operation so as to compen- 25 
sate the tension variation to be caused in the 
acceleration, deceleration of the T reel 1, an adder 
18 for adding the back torque information Qb pro- 
portional to the S reel diameter and the T reel 
acceleration compensating torque information 30 
CMPT, a terminal 19 for feeding the tape speed 
instructions as the target, a tape speed reference 
pulse generator 20 for generating the pulses of the 
frequency proportional to the target tape speed fed 
from the terminal 19. first, second up down coun- 35 
ters (hereinafter referred to as U/D counters) 21, 22 
for connecting the clock pulses fed from the tape 
speed detector 16 to a count up temainal, and the 
clock pulses to be fed from the tape speed refer- 
ence pulse generator 20 to a count down terminal, ao 
an adder 23 for adding the output Information On 
of the first U/D counter 21 and the output informa- 
tion Qt2 of the second U/D counter 22, a terminal 
24 for latching the output information Qj^ of the 
second U/D counter 22 for each constant time 
period so as to feed the timing signal which is 
adapted to initialize the value of the counter imme- 
diately after it. A T reel acceleration, deceleration 
torque computer 27 for inputting the output in- 
formation of the second U/D counter 22 and 50 
outputting to the T reel acceleration compensating 
torque computer 17 the acceleration, deceleration 
torque information ACCT of the T reel and the 
proportional constant K to be described later. 

The back torque infomnation Qb proportional to 55 
the S reel diameter is obtained through the S reel 
diameter detector 8, the back torque computer 9 
and is fed to the adder 18 as in the description of 



the conventional embodiment. 

The confection of the tension fluctuations in the 
acceleration, deceleration of the tape transportation 
will be described hereinafter. 

The dinetic formulas of both the S. T reels are 



as follows. 




Js X aojs = 


Qs - Rs X STSN (2) 


Jj X ac<^ = 


Qt - Rt X TTSN (3) 


wherein 




Rs: 


S reel radius 


Rt: 


T reel radius 


Js: 


S reel inertia 


Jt: 


T reel inertia 


STSN: 


tape tension of the 8 reel 


TTSN: 


tape tension of the T reel 


Qt: 


T reel motor torque 


cijs: 


S reel rotation angle speed 




T reel rotation angle speed 


acds: 


S reel rotation acceleration 


acdj: 


T reel rotation acceleration 



The relation between the tape tension STSN of the 
S reel and the tape tension TTSN of the T reel is 

TTSN = a X STSN (4) 

wherein the a is a proportion coefficient determined 
with a tape running pass. 

Also, the tape speed V is as follows. 

V = Rs X <as = Rt X ft>T (5) 

In order to maintain the tape tension constant if the 
rotation acceleration aa>s of the S reel changes at 
the tape acceleration and deceleration time from 
the (2) formula, the correcting torque dQs (change 
portion of the Qs) has only to be established as in 
the following formula. 

dOs = Js X da«s (6) 

wherein the daos is the variation portion of the a«s. 
From the (5) formula, the relation of both the S, T 
reel rotation accelerations is as follows. 

daon- = (Rs / Rt) x dac^s (7) 

From the (3) formula, the following formula is es- 
tablished in the condition where the tape tension is 
controlled constant. 

dao^T = dOT / Jt (8) 

The proportional coefficient a of the (4) formula is 
different in the transportation direction of the tape. 
This is because the running load is different when 
the tape is transported in the same direction as the 
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rotation direction of the-drum 4 and it is transported 
in the opposite direction, further the tape is re- 
strained in running in a post for winding the tape 3 
around the drum 4, and so on. Thus, a proportional 
coefficient k corresponding to the tape running load 
is Introduced. 

The S reel nnotor correcting torque dQs for 
suppressing the tension fluctuations is as follows. 

dQs = K(Rt / Rs) X (Js / Jt) X dOr (9) 

Namely, detect both the S, T reel diameters, the 
inertia, the acceleration, deceleration torque fluc- 
tuation amount of the T reel motor, and effect the 
torque connection shown in the (9) fomnula upon 
the S reel motor, and the dynamic tension fluc- 
tuation accompanied by the acceleration, the de- 
celeration of the tape may be controlled. 

The above described tension control will be 
described with reference to Fig. 1 . 

In Fig. 1. reference numeral 8 is a S reel 
diameter detector, to which the information Rs cor- 
responding to the S reel radius is outputted. Like- 
wise, the information Rt corresponding to the T 
reel radius is outputted to the T reel diameter 
detector 12. In the S reel inertia computer 13, the 
inertia Js of the S reel 1 is computed under the S 
reel radius information Rs. 

Generally the inertia J of the reel is shown the 
(10) formula. 



J = Jfix + Jvar 



(10) 



J : 
Jfix 



Jvar : 



reel inertia 

inertia (invariant to the reel diameter) 
of the reel motor, the empty reel iner- 
tia and so on. 

tape inertia (proportional to the reel 
diameter) 



Jvar = K1 X{R* - Rh*) (11) 



Kl : constant 
R : reel radius 
Rh : reel hub radius 
If the reel radius R may be measured from the 

(10) . (11) formulas, the reel Inertia J may be com- 
puted. 

The S reel inertia information Js Is computed in 
accordance in accordance with the (10) formula by 
the S reel inertia computer 13. The T reel inertia 
information Jj is computed in accordance with the 

(11) formula by the T reel inertlal computer 14. Fig. 
2 is a characteristic chart showing the operation 
result of the S reel inertia Js corresponding to the 



radius information Rs of the S reel 1. Fig. 3 is a 
characteristic chart (the axis of abscissas is shown 
in the order from the maximum radius to the hub 
radius so as to correspond to the S reel radius) of 

5 the radius information Rj of the T reel 2 and the T 
reel inertia Jr. 

The control of the T reel motor 7 will be 
described before the detecting method of the 
torque information to be spent on the acceleration, 

70 deceleration of the T reel 2 is described. 

Since the shuttle mode exists in the VTR as 
described hereinabove, a plurality types of tape 
target speeds exist. In the control for driving the 
winding side reel, the actual tape speed is detected 

75 so as to become a target tape speed given from 
the system control and so on so as to detect the 
error signal with respect to the target speed. The 
error signal is feedbacked on the T reel motor . 
• driving circuit to effect the tape speed controlling. 

20 The tape speed control will be described in 
accordance with the Fig, 1 . 

The rotation pulses fs, ft of the frequencies to 
proportional to the rotation of both the reels are 
inputted to the tape speed detector 16 in Fig. 1 so 

25 as to detect the tape speed from the rotation fre- 
quencies of both the reels. The rotation frequencies 
of both the reels are used in the detection of the 
tape speed as known. Even in the present embodi- 
ment, it is composed of an example in using the 

30 total information of both the reel rotation frequen- 
cies. 

Rg. 5 is a relationship chart showing the rela- 
tion among the tape speed, the total information fs 
+ ft of both the reel rotation frequencies and the 

35 tape winding diameter. \/Vhen the tape speed 
shows VI and V2 (VI < V2), it is found out that the 
total information fs + ft of both the reel rotation 
frequencies are proportional if the tape winding 
diameter is in the same place. If the tape speed 

40 reference information to be controlled is corrected 
from the tape winding diameter information, it is 
possible to control the tape speed constantly from 
the winding start to the winding end. 

Fig. 6 is a relationship chart showing the rela- 

45 tion tjetween the T reel driving information Oj to be 
fed to the T reel motor driving circuit 6 in Fig. 1 
and the torque-toHDe-caused of the T reel motor 7. 
When the T reel driving information Qt is at the 
center, the generated torque of the T reel motor is 

50 zero. As the value of the driving information Qt 
becomes smaller, the generated torque becomes 
larger in the direction along which the tape is 
tightened up in the winding. Conversely, as the 
value of the driving information Or becomes larger, 

55 tlie generated torque becomes larger in a direction 
along which the tape is delivered. 

The controlling of the tape spjeed at the target 
speed will be described hereinafter with reference 
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to Rg. 1 and Rg. 7. 

Rg. 7 (a) shows the tape speed instructions to 
change as time passes, wherein time tO to t1 . time 
t1 to t2, time t2 to t3 are respectively acceleration, 
fixed speed, deceleration in the tape speed instruc- 
tions. Also, the (b). (c). (d) shows the changes in 
the output information Qti of a first U/D counter 21 . 
the output information Qts of a second U/D counter 
22. the output information Qj of the adder 23. 

In Rg. 1 . the tape speed instructions are fed to 
the tape speed reference pulse generator from the 
terminal 19 with the clock pulses corresponding to 
the target speed corresponding to the target 
speeds being fed onto the side of the count down 
both at the first, second U/D counters 21. 22. In the 
condition where the tape is at its stop or is trans- 
ported slower than the control target speed, the 
frequencies of the clock pulses connected onto the 
side of the count up of the respective U/D counters 
21, 22 from the tape speed detector 16 are slower 
than the frequencies of the clock pulses connected 
onto the side of the count down, so that the coun- 
ter values of the first, second U/D counters 21 , 22 
become lower. The output information Qj of the 
adder 23 is also lowered, so that the T reel motor 
driving circuit 6 is operated to increase the tape 
speed. 

Conversely, if the tape speed is faster than the 
speed instructions, the values of the first, second 
U/D counter 21, 22 become larger. As a result, the 
generated torque of the T reel motor 7 is operated 
in the direction along which the tape speed is 
decreased. In this manner, the tape speed is con- 
trolled so as to conform to the given tape speed 
instructions. 

Here the operation of the second U/D counter 
22 will be described. 

Rg. 8 shows the wave form charts showing the 
relationship among the second U/D counter value, 
the sampling pulse to be fed from the terminal 24, 
and the output Cbs of the second U/D counter 22. 
As shown in the (b). the sampling pulse is fed at 
the constant period Tr to the second U/D counter 
22, the value Qt2 of the second U/D counter 22 in 
the timing is outputted, the output value is retained 
until the timing of the next sampling. The value of 
the second U/D counter 22 is set to the initial value 
(the value of the center in the present embodiment) 
as shown in the (a) after the sampling, and effects 
the count up, and the count down until the next 
sampling pulse comes. The (c) shows the output 
Information of the second U/D counter 22. 

The second U/D counter 22 is operated as 
described hereinabove so that the differentiated 
infonmation of the value of the first U/D counter 21 
may be obtained. 

By the use of tv/o U/D counters in construction 
as described hereinabove, such effects as de- 



scribed hereinabove are caused. 

(1) As the tape speed control system is a secon- 
dary system of control system, the application 
of the differentiated information upon the error 
5 information Qt to be fed to the winding side 
motor means that the operation of adding the 
phase leading element has been applied upon 
the control error signal so as to improve the 
stability of the control system. 
w (2) The second U/D counter output information 
Qra shows the acceleration, deceleration torque 
information of the T reel 2. It is easier to use the 
information for the control of the tension to be 
described in the following. 
'5 (3) The acceleration, deceleration torque infor- 
mation of the T reel 2 may be correctly detected 
if the environment changes in the tape driving 
apparatus and the tape running load changes. 
The torque information change portion of the T 
20 reel 2 by the change in the tape running load is 
absorbed as change in the first U/D counter 21 . 
Therefore, it shows the acceleration, decelera- 
tion torque information of the T reel 2 to the 
second U/D counter 22. It can be used for the 
25 information to correct the tension fluctuations 
accompanied by the acceleration, deceleration 
of such T reel as described later. 
The detection of the torque amount spent in 
the acceleration, deceleration of the t reel 2 is 
30 effected by the T reel acceleration, deceleration 
torque detector 15. The T reel acceleration, decel- 
eration torque detector 15 is composed of a tape 
speed detector 16 for detecting the actual tape 
speed from the rotation pulses fs, ft of both the 
35 reels, a tape speed reference pulse generator 20 
for generating the pulses of the frequency propor- 
tional to the target speed instructions to be fed 
from the the temninal 19, first, second U/D counters 
21 , 22 and the adder 23, and a T reel acceleration, 
40 deceleration torque computer 27. The output in- 
formation Qt2 of the second U/D counter 22 is fed 
to the T reel acceleration, deceleration torque com- 
puter. 27 so as to effect the polarity discrimination 
as to whether the direction is the accelerating di- 
45 rection or the decelerating direction from the in- 
formation Qt2, and the proportional coefficient in- 
formation K and the torque information ACCT 
equivalent to the torque amount spent in the accel- 
eration, deceleration operations are outputted to the 
50 T^reel acceleration compensating torque computer 

Both the S. T reel radius infonmation Rs. Ry. 
both the reel inertia information Js, Jr. the T reel 
acceleration, deceleration torque information ACCT, 
55 the proportional coefficient information K are input- 
ted to effect the operation shown in the (9) formula 
and to compute the torque conrecting information 
CMPT of the S reel motor 11 for effecting the 



6 



11 



EP 0 448 014 A2 



12 



tension suppression to be fluctuated in the accel- 
eration, deceleration of the T reel. Rg. 4 is a 
characteristic chart showing the operational results 
of the acceleration correcting coefficients (Rj * Js) 
/ (Rs • Jt) corresponding to the radius information 
Rs of the S reel. The torque correcting information 
CMPT is obtained through multiplication of the 
acceleration compensating coefficients (Rt * Js) / 
(Rs • Jt) by the T reel acceleration torque informa- 
tion ACCT, the proportional coefficient K. 

The back torque information Qb proportional to 
the S reel diameter is fed to the adder 18 so as to 
add it to the torque correcting information CMPT to 
be outputted from the T reel acceleration com- 
pensating torque computer 17 by the adder 18. 
The addition results Qs are outputted to the S reel 
motor driving circuit 10 as the tension control error 
information. 

Although the construction does not use the 
tension detecting sensor, the tension changes by 
the static winding diameter difference and the dy- 
namic tension fluctuations to be caused by the 
tape acceleration, deceleration may be suppressed 
in the above described tension control system. 

The microcomputer and the digital • signal • 
processor have the functions of various operations, 
information storing, timer and so on, are used wide- 
ly in the electronic appliances. Even in the present 
embodiment, the block 26 surrounded by the dot- 
ted lines of Fig. 1 may be composed of microcom- 
puters, digital * signal * processors, thus contribut- 
ing towards the smaller size, lighter width, smaller 
space of the circuit in this case. 

Also, in the inertia operation of the reel to be 
used in the tension control, it may be constructed 
to effect the table retrieving of the results operated 
in advance so as to shorten the operating time. 

Rg. 9 (a) to (e) are flow charts wherein the 
block 26 surrounded with the dotted lines in Rg. 1 
is composed of microcomputers. The processings 
are divided into five blocks. 

The S reel FG pulses are inputted to the exter- 
nal inten^uption terminal 0 terminal, and the T reel 
FG pulses are Inputted to the external interruption 
1 so as to start the interruption processings of the 
IRQO. JRQ1 at the edges of the respective pulses. 

Also, the microcomputer is adapted to start in 
two timers. The interruption period of the first timer 
interruption processing timer 0 is varied by the 
operation of the value of the interrupt control coun- 
ter counted by the main processing. The second 
timer interruption processing timer 1 is set to cause 
the interruption at a constant period. 

The processing of the main processing will be 
described hereinafter. When the shuttle mode is 
selected, the microcomputer permits the external 
intenruption 0 and the external interruption 1 
(processing 901). The timer 0, the timer 1 are 



started (processing 902). The diameters Rs, Rt of 
both the reels are calculated from the FG pulses of 
both the reels and the tape total amount data, the 
tape thickness data (processing 903). The respec- 

5 tive inertias Js, Jt are calculated in accordance with 
the result obtained by the processing 903 
(processing 904). When the calculating operation is 
complicated, and the computing time becomes 
long, it is possible to effect the table retrieving 

70 operation with the data counted in advance being 
accommodated in the ROM. The back torque QB is 
operated with the use of the S reel diameter Rs 
obtained by the processing 903 (processing 905). 
In the processing 906. the operation of the accel- 

75 eration compensating coefficients is effected with 
the use of the Rs, Rt. Js. Jt obtained by the 
processings 903, 904. In the processing 907. the 
multiplication of the acceleration compensating co- 
efficients obtained by the processing 906 and the T 

20 reel acceleration torque Qt2, the coefficient K to be 
detected by the processing of the timer 1 are 
effected, so that the T reel acceleration compensat- 
ing torque CMPT is obtained. In the processing 
908, the back torque QB obtained by the process- 

25 ing 905 is added to the T reel acceleration com- 
pensating torque CMPT obtained by the process- 
ing 907 so as to obtain the S reel torque Qs. In the 
processing 909, the interruption period, of the timer 
0 corresponding to the control target tape speed is 

30 counted so as to store on the timer 0 control 
counter the value corresponding to the result. The 
calculation is operated from the control target tape 
speed and both the reel diameters as shown in Rg. 
5. By the operation result of the processing 909. 

55 the timer 0 causes the interruption processing at 
the period corresponding to the control target tape 
speed, the tape winding condition (winding start 
through the winding end). In the main processing, 
the operation of the processing 909 is repeated 

40 from the processing 903. 

The operation of the timer 0 processing will be 
described hereinafter. 

When the interruption of the timer 0 is caused, 
the first, second up down counters Qtl. Qt2 (RAM 

45 within the microcomputer) are respectively counted 
down (processing 910). The timer 0 control counter 
computed by the main processing 909 is set 
(processing 911) to start the timer 0 (processing 
912) so as to prepare for the next Interruption. 

50 The external interruption processings IRQO, 
IRQ1 will be described hereinafter. When the 
edges of the S, T reel FG pulses are inputted to 
generate the interruption processing, the first, sec- 
ond up down counters Qtl, Qt2 are respectively 

55 counted up (processing 913, processing 915) so as 
to prepare for the next interruption processings 
(processing 914, processing 916). 

The operation of the timer 1 will be described 
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hereafter. 

In the timer 1 interruption processing to be 
generated for each constant tinne period, the T reel 
acceleration torque information is detected. When 
the interruption is caused, the value of the second s 
up down counter 0X2 of that time is sampled 
(processing 917). the value is used for the main 
processing as the T reel acceleration torque in- 
formation. Therefore, the second up down counter 
Qt2 is initialized (processing 918). The T reel w 
torque Qt is obtained by the addition between the 
value of the second up down counter Qt2 sampled 
and the value of the first up down counter Qt1 
(processing 919). The timer 1 is started in prepara- 
tion for the next interruption (processing 920). 75 

By such a series of processings, the block 26 
surrounded by the dotted lines in Rg. 1 may be 
easily composed of the microcomputers. 

According to the above described embodiment, 
by the provision of adding the torque proportional so 
to the supply reel diameter and the compensating 
torque for suppressing the tension fluctuations in 
the acceleration, deceleration of the winding reel, 
the tape damage may be prevented at the transient 
time of accelerating, decelerating of the tape, in- 25 
stead of at the steady transporting time. Also,' the 
tape speed may be stably controlled in the con- 
struction where the U/D counter is provided by two 
through the detection of the tape speed from the 
rotation pulses of both the reels. The construction 30 
may be effected without the tape speed detection 
sensor such as timer roller or the like. 

Hg. 10 is a block diagram of a tape driving 
apparatus in a second embodiment of the present 
invention. In the difference between the first em- 35 
bodiment and the second embodiment is in the 
construction of the T reel acceleration, deceleration 
torque detecting means 15, 

In Rg. 10. the T reel acceleration, deceleration 
torque detecting means 15 is composed of the T 40 
reel torque differentiation computer 28 and the 
constant generator 29. The T reel motor torque 
information QT which is fed from the terminal 5 is 
inputted to the T reel torque differentiation com- 
puter 28. The information ACCT of the differen- 45 
tiated T reel torque information is outputted to the 
T reel acceleration compensating torque computer 
17. Also, the output information ACCT of the T reel 
differentiation computer 28 is inputted to the con- 
stant generator 29 to effect the polarity differenti- so 
ation. so that the proportional constant K corre- 
sponding to the results is outputted to the T reel 
acceleration compensating torque computer 17. 

As clear even from the above described (9) 
formula, the T reel acceleration compensating 55 
torque information CMPT may be obtained as in 
the description of the first embodiment if the dif- 
ferentiation information of the T reel motor torque 



information QT is obtained- 

Fig- 11 is a flow chart where the block 30 
sun-ounded by the dotted lines in Rg. 10 is com- 
posed of computers. 

The processings are largely divided into two 
blocks between the main processing and the timer 
1 processing. After the starting of the timer 1 in the 
main processing (processing 1101), the proces- 
sings (processing 903 through processing 908) 
similar to Rg. 9 are effected. 

The timer 1 causes the inten-upting processing 
for each constant time, and the following proces- 
sings are effected. When the interruption of the 
timer 1 is caused, the T reel motor torque informa- 
tion QT is read and the read information is stored 
as the QT (NEW) (processing 1102). Then the 
information QT (OLD) stored in the previous in. 
terruption and the difference information of the 
information QT (NEW) are computed (processing 
1103). The difference information is used with the 
main processing as the T reel torque acceleration 
deceleration torque information ACCT. The data is 
renewed in preparation for the next differentiation 
operation (QT(OLD) - QT(NEW) processing 1104) 
Finally, the timer 1 is started (processing 920) so 
as to complete the processing of the timer 1. 

In such a series of processings, it may easily 
constitute the block 30 in Rg. 10 with microcom- 
puters. 

As described hereinabove, the present inven- 
tion IS provided with a supply reel diameter detect- 
ing means, a winding reel diameter detecting 
means, a supply reel inertia operating means a 
winding reel inertia operating means, a winding reel 
acceleration, deceleration torque detecting means 
a winding reel acceleration compensating torqu^ 
operating means, a back torque operating means, 
an adding means, so that it may become possible 
to stably control the tension with a tension control 
system which does not use the tension detection 
center, may become possible to stably control the 
tape speed in the construction which does not use 
the tape speed detection sensor. The tape driving 
apparatus is simplified, is made smaller, lighter 
The tape damages are prevented. The access 
property is superior in the variable speed. There- 
tore, the practical effects are large. 

Although the present invention has been fully 
descnbed by way of example with reference to the 
accompanying drawings, it is to be noted here that 
vanous changes and modifications will be apparent 
to those skilled in the art. Therefore, unless other- 
wise such changes and modifications depart from 
the scope of the present invention, they should be 
construed as included therein. 

Claims 
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A tape driving apparatus in a tape medium 
record reproducing apparatus for controlling 
the supply reel motor torque in accordance 
with the torque information Os with the accel- 
eration compensating torque information CMPT 5 
and the back torque information Qe being ad- 
ded in it. comprising, 

a supply reel diameter detecting means for 
detecting the radius information Rs of a supply 
reel, 70 

a winding reel diameter detecting means 
for detecting the radius information Rt of the 
winding reel, 

a supply reel inertia operating means for 
computing the information Js conresponding to 75 
the inertia of the supply reel in accordance 
with the radius information Rs of the supply 
reel. 

a winding reel inertia operating means for 
computing the information Jt corresponding to 20 
the inertia of the winding reel in accordance 
with the radius information Rt of the winding 
reel. 

a winding reel acceleration, deceleration 
torque detecting means for detecting the in- 25 
formation ACCT proportional to the torque 
amount spent in the acceleration, deceleration 
of the winding reel, 

a winding reel acceleration compensating 
torque computing means for computing the 30 
acceleration compensating torque information 
CMPT corresponding to the acceleration, de- 
celeration of the winding reel with the use of 
the radius information Rs. Rj of both the reels, 
the inertia information Js, Jj of both the reels. 35 
the winding reel acceleration, deceleration 
torque information ACCT, 

a back torque computing means for com- 
puting the back torque information Qb propor- 
tional to the radius information Rs of the sup- 40 
ply reel, 

an adding means for adding the back 
torque information Qb to the acceleration com- 
pensating torque information CMPT. 

45 

A tape driving apparatus in a tape medium 
record reproducing apparatus described in ac- 
cordance with the claim 1 , wherein the winding 
reel acceleration, deceleration torque detecting 
means is composed of an up, down counter 50 
which is adapted to increase, decreases the 
value in accordance with the tape speed in- 
formation as the target and the difference of 
the tape speed to be actually detected, the 
sampled value of the up down counter value 55 
for each constant time period is outputted as 
the winding reel acceleration, deceleration 
torque information so that the value of the up 



down counter Is adapted to be initialized after 
the output operation. 

3. A tape driving apparatus in a tape medium 
record reproducing apparatus wherein the sec- 
ond up down counter samples the counter 
value for each constant time, the counter In- 
formation Is outputted to the adding means, 
the counter value is operated to be Initialized 
after the output operation, the winding side reel 
motor torque is adapted to be controlled in 
accordance with the output Information of the 
adding means, comprising. 

a tape speed reference putse generator for 
generating the pulse of the frequency propor- 
tional to the tape speed as an object, 

a tape speed detector for detecting the 
actual tape speed, 

first, second up down counters for increas- 
ing, decreasing the values In accordance with 
the tape speed information as the object and 
the difference of the tape speed to be actually 
detected, 

an adding means for adding the output 
information Qji of the first up down counter 
and the output information Qjz of the second 
up down counter. 

4, A tape driving apparatus in a tape medium 
record reproducing apparatus described in ac- 
cordance with the claim 3, wherein the tape 
speed detector Is adapted to effect a detecting 
operation with the use of the total information 
of the frequency information fs proportional to 
the rotation of the supply reel and of the fre- 
quency information ft proportional to the rota- 
tion of the winding reel. 
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@ The present invention is provided both the S, T 
reel diameter detectors so as to compute the inertia 
of both the reels, wherein the acceleration, decelera- 
tion torque information spent in the acceleration, 
deceleration of the T reel is detected from the T reel 
torque information so as to compute the T reel 
acceleration, deceleration compensating torque from 



the acceleration, deceleration torque information, 
both the reel diameters, the inertia information, and 
the S reel torque is controlled with the information 
with the computed results and the back torque in- 
formation proportional to the S reel diameter being 
added in it. Thus improving the access property of 
the tape. 
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